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A polymer utilized in water system and a method of treatment of water system. 

M Concentration of polymer in water system which 
is utilized for prevention of formation of scale and 
occurrence of corrosion is measured easily, accu- 
rately and promptly and controlled to tho optimum 
concentration by a method comprising labelling of 
fie polymer with a fluorescent substance, addition of 
tne labelled polymer to the water system and mea- 
surement of the concentration of the fluorescent sub- 
stance in the water system. 



Q. 



1 



EP 0 485 882 A1 



2 



BACK GROUND OF THE INVENTION 

1 . Field of the invention 

The present invention relates to a novel poly- 
mer utilized in water system such as a cooling 
water system and a boiler water system and an 
improved method of treatment of cooling water 
system which comprises addition of the polymer to 
the water system. More particularly, the present 
invention relates to a novel polymer utilized in 
water system which is labelled with a fluorescent 
substance and an improved method of treatment of 
water system in which the amount of addition of 
the polymer to the water system is controlled by 

r-^,-,^-, .y.^r. ^ — *-~4-; — i *u„ — i :_ ii — 

1 1 iv>uoji ii iy L-uii^t/iniauuii ui uic [juiyiiici in uic wa- 
ter system through measurement of concentration 
of the fluorescent substance. 

2. Description of the prior art 

There are many industrial water systems, such 
as a cooling water system and a boiler water 
system. For example, cooling water is used in large 
amounts in many areas of industry, such as chemi- 
cal industry and steel industry, for the purpose of 
cooling materials in processes directly or indirectly. 
Because water resources are becoming limited and 
efficient utilization of water is required, various 
methods have been adopted to reduce the amount 
of water used. 

As the methods for reducing the amount of 
water used, methods of highly efficient utilization of 
water, such as reduction of the amount of water of 
forced blow in high concentration operation of the 
cooling water system of open recycling method, 
have been widely known. 

However, when the methods of highly efficient 
utilization of water are put in operation, unfavorable 
phenomena are found to take place, such as fre- 
cuent troubles caused by water, like occurrence of 
corrosion and formation of scale in the cooling 
system, because the quality of cooling water is 
progressively deteriorated by progressively in- 
creased concentration of salts dissolved in the wa- 
ter and like other causes. 

To prevent the troubles caused by water, var- 
ious kinds of agent for treatment of water system 
have been utilized. Recently, it was found that 
organic substances, such as polymers of certain 



ui'.'t i.onosion inhibitors are acrylic and fjolymers. 
maloic acid polymers acrylamide polymers and the 
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formation of scale and to suppress occurrence of 
corrosion when they are added to water in an 
amount in the range from 1 to TOO milligram of 
solid component per (iter of water. 

5 When a polymer is utilized for preventing for- 

mation of scale and suppressing occurrence of 
corrosion, concentration of the polymer in water 
system is the important factor to exhibit the desired 
activity with good efficiency. For example, the poly- 

;o mer added to the cooling water is occasionally 
precipitated because the balance of ions of salts 
dissolved in the cooling water is varied by forma- 
tion of scale and by other causes during the high 
concentration operation of the cooling water sys- 

75 tern. In such a case, the amount of the polymer 
uissoivuu in ii its uuuiiny water is not kept ihe same 
as the amount added to the cooling water. In gen- 
eral practice, the amount of the polymer dissolved 
in cooling water is measured by a method, such as 

20 coiorimetry, turbidimetry, a lithium method or a 
fluorescent tracer method (Laid Open Japanese 
Patent Publication Heisei 2-115093 and Laid Open 
Japanese Patent Publication Heisei 2-115697). In 
the lithium or the fluorescent tracer method, lithium 

25 or a fluorescent substance is added as a tracer 
with any kind of polymers, and residual lithium or 
fluorescent substance is detected which is believed 
to be proportional to the residual amount of poly- 
mers. 

30 When the coiorimetry or the turbidimetry is 

used for the measurement, automatic operation of 
the measurement is difficult and the measurement 
is usually conducted manually. Naturally, there ar- 
ises the problem that the time required for the 

35 measurement is very long. Even when the opera- 
tion is made automatic, the measurement takes a 
long time because of reasons based on the princi- 
ple of the measurement. 

The lithium method and the fluorescent tracer 

40 me thod can bo conducted in a short time. The 
po'yner is consumed by excessive concentration 
or formation of scale and the amount of the con- 
sumed polymer varies to a largo extent depending 
on the condition of these causes. Either the lithium 

45 method or the fluorescent tracer method does not 
measure the amount of the polymer directly but 
measures it indirectly and either of them can not 
measure the amount of consumed polymer when 
the amount of the consumed polymer is varied to a 
large extent even though both of them can mea- 
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substance into a polymer which prevents formation 
of scale or corrosion is not disclosed in the above- 
mentioned patent. 

SUMMARY OF THE INVENTION 

The present invention accordingly has an ob- 
ject to provide a polymer utilized in water system 
the concentration of which in the water system is 
measured directly, easily, accurately and promptly. 
Another object of the invention is to provide a 
method of treatment of water system in which the 
amount of addition of the polymer utilized in the 
cooling water is controlled by measuring the con- 
centration of the polymer. 

The present invention has been completed as 
a result of the extensive investigations undertaken 
with the above objects, leading to a discovery that 
the concentration of a polymer utilized in water 
system is directly, easily, accurately and promptly 
measured by labelling the polymer with a fluores- 
cent substance and by measuring the concentra- 
tion of the polymer through the measurement of 
the concentration of the fluorescent substance 
when the polymer is labelled with the fluorescent 
substance before it is added to the water system 
and then added to the water system. 

Thus, the polymer of the invention utilized in 
water system and capable of preventing formation 
of scale or suppressing occurrence of corrosion is 
characterized in that the polymer is labelled with a 
fluorescent substance. 

The method of treatment of water system of 
the invention is characterized in that a polymer for 
water treatment is labelled with a fluorescent sub- 
stance and the amount of addition of the polymer 
for water treatment to the water system is con- 
trolled by measuring concentration of the polymer 
for water treatment in the water system through 
measurement of concentration of the fluorescent 
substance. 

Other and further objects, features and advan- 
tages of the invention wil! appear more fully from 
the following description. 

DETAILED DESCRIPTION OF THE INVENTION 

The invention is described in detail in the fol- 
lowing. 

The polymer of the invention \? prepared hy 



Examples of the monomer are compounds hav- 
ing a carboxyl group, such as acrylic acid, maleic 
acid, itaconic acid, methacrylic acid and the like 
and salts of them; compounds having sulfonic acid 

5 group, such as vinylsulfonic acid, styrenesulfonic 
acid, allylsulfonic acid and the like, and salts of 
them; compounds having hydroxyl group, such as 
2-hydroxyethyl methacrylate (HEMA), glycerylo 
monoallyl ether (GMAE) and the like; compounds 

;o having amide group, such as acrylamide. 
methacrylamide and the like; compounds having 
amide group and sulfonic acid group, such as 2- 
acrylamido-2-methylpropanesulfonic acid (AMPS) 
and the like, and salts of them; compounds having 

75 hydroxyl group and sulfonic acid group, such as 3- 
aiiyioxy-^-hydroxypropanesuifonic acia (MAPS) ana 
the like, and salt of them; methyl methacrylate. 
isobutylene; amylene and the like other com- 
pounds. The monomer can be homopolymerized. 

20 copolymerized in a combination of the monomers 
shown herein or copolymerized with polymerizable 
monomers other than those shown herein. 

The polymer which has a carboxyl group is 
preferable. Such preferable examples of the base 

25 polymer are polymaleic acid, copolymers of maleic 
acid and acrylic acid, copolymers of acrylic acid 
and hydroxyethyl methacrylate or allylsulfonic acid, 
copolymers of maleic acid and isobutylene. 
copolymers of maleic acid and amylene. 

30 copolymers of maleic acid and styrenesulfonic 
acid, polyacrylic acid, terpolymers of acrylic acid, 
hydroxyethyl methacrylate and methyl 
methacrylate, copolymers of acrylic acid and 3- 
allyloxy-2-hydroxypropanesulfonic acid, 

35 copolymers of acrylic acid and vinylsulfonic acid 
and salts of these compounds, More preferable 
examples of the base polymer are polymaleic acid, 
polyacrylic acid, terpolymers of acrylic acid, 
hydroxyethyl methacrylate and methyl 

40 methacrylate, copolymers of acrylic acid and 3- 
allyloxy-2-hydroxypropanesulfomc acid and salts of 
these compounds. 

Molecular weight of the base polymer is not 
particularly limited but generally in the range from 

45 500 to 30,000, preferably in tho range from 500 to 
10.000. 

The fluorescent substance utilized for labelling 
the base polymer to prepare the polymer of the 
invention utilized in cooling water and capable of 
preventing formation of scale or preventing occur- 
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pounds having hydroxyl group, such as diben- 
zosuberenol, dihydroxycoumarm, ^-methylunbel- 
liferone, 9-anthracenemethanol, xanthohydrol and 
the like; compounds having amino group, such as 
aminocoumarin, aminated 7-hydroxy-4-methyl- 
coumarin, carbohydrazide, succinic acid 
dihydrozide and the like; compounds having car- 
boxylic acid group, such as 9-anthracenepropiomc 
acid, 2-[4-(1-pyrene)]butanoylaminopropenoic acid 
and the like; compounds having hydroxyl group 
and carboxyl group, such as 5-carboxyfluoresceine, 
6-carboxyfluoresceine and the like and the like 
other compounds. 

The kind of the fluorescent substance utilized 
can be suitably selected according to the kind of 
polymer io whiuii ii ib labelled. Fieieiabit; nuurtfs- 
cent substances are coumarin and derivatives of 
coumarin because these compounds are less liable 
to be affected by other fluorescent substances 
present in the cooling or the boiler water. More 
preferable fluorescent substances are coumarins 
having hydroxyl group and coumarins having ami- 
no group. Most preferable fluorescent substances 
are 7-hydroxycoumarin, 7-hydroxy-4- 

methylcoumarin and 7-hydroxy-4-methyl- 
ammocoumarin. 

Examples of the methods of labelling the base 
polymer by the fluorescent substance are introduc- 
tion of the fluorescent substance into the base 
polymer by using reaction of a functional group in 
the base polymer with a functional group in the 
fluorescent substance; preparation of the polymer 
by polymerization in the presence of the fluores- 
cent substance; and the like other methods. 

Examples of method of the introduction of the 
fluorescent substance into the base polymer by 
using reaction of a functional group in the base 
polymer with a functional group in the fluorescent 
substance are (1) amtdization or estenfication of 
carboxyl group of the polymer with ammo group oi 
hydroxyl group, respectively, of the fluorescent 
substance when the base polymer has carboxyl 
groups; (2) estenfication of hydroxyl group of the 
polymer with carboxyl group of the fluorescent 
substance when the base polymer has hydroxyl 
groups; (3) amidization of amino group of the poly- 
mer with carboxyl group of the fluorescent sub- 
stance when the base polymer has amino groups; 
(4) estenfication of amide group of the polymer 
with hydroxyl group of the fluorescent substance 



presence of the fluorescent substance (a similar 
method to Macromolecules, volume 22, pages 
1159-1165 (1989) and Polymer, volume 27, pages 
783-796 (1986)). 

5 As another example of the method of prepara- 

tion of the polymer by polymerization in the pres- 
ence of the fluorescent substance, a polymerizable 
functional group is introduced into the fluorescent 
substance regardless of the presence or the ab- 

io sence of other functional groups in the substance 
and then the fluorescent substance is utilized foi 
the polymerization. 

It is important in all the methods of labelling 
the base polymer with the fluorescent substance 

15 that a fluorescent substance which is not affected 
by oilier siiuciureb in iiie puiyrner or by other 
ingredients present is selected and utilized. 

The amount of the fluorescent substance in the 
polymer utilized in cooling or boiler water intro- 

20 duced as the label is generally in the range from 
0.01 mol% to 10 mol %, preferably in the range 
from 0.05 to 1 mol%. When the amount is less 
than 0.01 mol%, the measurement becomes dif- 
ficult and, when the amount is more than 10 molV 

25 the activity to prevent formation of scale and to 
suppress occurrence of corrosion is affected ad- 
versely. 

The polymer labelled with a fluorescent sub- 
stance may be utilized by adding to the water 

30 system singly or as a combination with other poly- 
mers which are not labelled by fluorescent sub- 
stances. When a combination of the labelled poly- 
mer with polymers without labelling is utilized, the 
ratio of the labelled polymer to the polymers with- 

35 out labelling is suitably selected according to the 
desired sensitivity of the measurement. 

The amount of addition of the polymer labelled 
with the fluorescent substance to the water in the 
water system is preferably in the range from 1 io 

■j 'j 100 milligram of the total solid polymer per liter ot 
water in the water system. 

An example: of the method of controlling the 
amount of addition of the polymer for water treat- 
ment is shown in the following. A sample of the 

4b water system is taken and components not dis- 
solved in the water are removed by a suitable 
method, such as filtration. Intensity of fluorescence 
is measured on the filtrate by using a fluorescence 
spectrophotometer adjusted to specified wave 
lengths Polymer concentration i? obtained from the 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The invention will be understood more readily 
with reference to the following examples; however 
these examples are intended to illustrate the inven- 
tion and are not to be construed to limit the scope 
of the invention. 

Example 1 

(1) Preparation of 6-amino-7-hydroxy-4-methyl- 
coumarin 

(a) Nitration 

Into 500 ml of glacial acetic acid in a 1 I beaker, 
0.025 mol of 7-hydroxy-4-methylcoumarin was ad- 
ded in small portions under stirring and dissolved. 
Then, 0.125 mol of 20 % nitric acid was added to 
the solution and the mixture was stirred for a speci- 
fied time at the room temperature. The reaction 
mixture was added dropwise to ultra pure water 
under stirring and precipitation was formed. After 
the mixture was stirred for further 5 minutes and 
then left standing still, the mixture was filtered by 
No. 5C filter paper under suction and the 
precipitate was washed with cold water. The 
precipitate was dried in vacuo to the constant 
weight. 

(b) Amination 

Into a 100 ml colorimetry tube, 0.005 mol of 
the nitrated compound prepared above was 
charged, heated in a thermostatted water bath 
maintained at 90 *C and stirred. To the nitrated 
compound, 150 ml of 28% aqueous ammonia was 
added in small portions under stirring to dissolve 
the compound. The vessel of the reaction which 
was initially the colorimetric tube was changed to a 
500 conical beaker in The middle of the addition 
and the addition of ammonia was continued. 

Then, 10 % aqueous solution of FeSO**7hbO 
was added to the solution until color of the 
precipitate formed turned black. Alter the stirring 
was continued further for a while, the precipitate 
was filtered by suction by using No. 5C filter paper. 
The filtrate was kept standing until the temperature 
of the filtrate is decreased to the room temperature 



standing there. The solution was filtered by suction 
by using No. 5C filter paper and the crystalline 
precipitate obtained was washed with a small 
amount of cold water. The crystalline precipitate 

s was dissolved in hot ethyl alcohol and the solution 
was filtered by suction by using No. 5C filter paper 
while it was still hot. Alter the filtrate was kept 
standing in a refrigerator, the solvent was removed 
in vacuo and the remaining solid was dried in 

w vacuo to the constant weight. 

(2) Preparation of a labelled polymer 

Into a reaction vessel, a solution of 1 g of a 

75 copolymer of acrylic acid and hydroxyethyl 
meihacryiate having a number average moiecuiar 
weight of 3100 and adjusted to pH of 4.7 by using 
aqueous hydrochloric acid solution was charged 
and 6.3 ml of ultra pure water was added to the 

20 solution under stirring. The pH of the solution was 
adjusted to 4.7 by using aqueous hydrochloric acid 
solution. To the solution, 0.02 g of 1-(3- 
dimethylaminopropyl}-3-ethylcarbodiimide hydro- 
chloride which is a water soluble carbodiimide was 

25 added as the dehydration agent and, immediately 
after the addition of the carbodiimide, 6-amino-7- 
hydroxy-4-methylcoumarin was added in portions 
of 19.1 mg. The mixture was stirred for 30 minutes 
at the room temperature for the reaction. 

30 The reaction mixture was added dropwise to a 

50 : 50 mixture of isopropyl alcohol and ethyl 
alcohol and the polymer was precipitated. The stir- 
ring was continued for further 5 minutes after 
finishing the dropping of the solution. The mixture 

35 was kept standing for 24 hours for precipitation. 
The precipitate prepared was filtered by suction by 
using No. 5C filter paper and washed with a small 
amount of ethyl alcohol. The precipitate stickod to 
the filter paper was scraped into a 100 ml beaker 

40 and dried in a vacuum drier. The drying was con- 
tinued while the weight of the product was mea- 
sured from time to time and finished when the 
weight reached to a constant value. Tho polymer 
was then weighed and the yield was obtained. 

45 Thus, 0.834 g of the labelled polymer containing 
0.11 mol % of the fluorescent substance was pre- 
pared. Percentage of the reacted fluorescent sub- 
stance was calculated from the unroactcd fluores- 
cent substance remaining dissolved in the mixture 

v> of the alcohols and found to be 11 5 % 



:-tili het Tho filtrate was kept standing unM t^c 
temperature of the filtrate was decreased to the 
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For the measurement of the background inten- 
sity of fluorescence by the cooling water, the cool- 
ing water sample taken from the operating cooling 
water system was filtered by filter paper No. 5C (a 
product of ADVANTEC Co., Ltd.) and served for 
the measurement. The sample had pH of 8.8, tur- 
bidity of 7.0 degree, electric conductivity of 1,180 
us/cm, M alkalinity of 223 mg/l, calcium hardness 
of 220 mg/l, content of Fe of 0.24 mg/l, content 
ofPCU 3- of 6.3 mg/l and cycles of concentration of 
5.6. 

Intensity of fluorescence of the aqueous solu- 
tion of the polymer prepared above was measured 
by using a fluorescence spectrophotometer type 
FP-777® ( a product of Nippon Bunko Kogyo Co., 
Ltd.) and a quartz ceii or iO mm. 

Excitation spectrum and fluorescence spectrum 
were measured and the wave lengths were set at 
325 nm and 453 nm, respectively. The intensity of 
the labelled polymer having the solid concentration 
of 10 mg/l was measure in this condition and 
shown to be 4,500. 

To the cooling water taken from the operating 
cooling water system in which the optimum amount 
of addition of the polymer is about 10 mg/l, the 
labelled polymer was added in an amount to make 
the concentration of the polymer of 10 mg/l. The 
intensity of fluorescence of the prepared water 
sample was measured by the same method above 
and found to be about 4,900. 

The intensity of fluorescence by the back- 
ground cooling water was about 8 % of that by the 
labelled polymer when the solid concentration of 
the polymer was 10 mg/l and shown to be in the 
level which did not actually affect the measurement 
by using the labelled polymer. When necessary, 
the intensity of fluorescence by the background 
cooling water may be measured and used for cali- 
bration. 

Thus, it was shown that the concentration of 
the polymer can be directly, easily and promptly 
measured by adding the labelled polymer to the 
cooling water to the concentration of about 10 mq I 
and by measuring the intensity of fluorescence. 

(4) Measurement of the concentration 

The labelled polymer was added to the cooling 
water to make the solid concentration of 10 my I 
arid the intensity of the fluorescence was mea- 



for prevention of precipitation of calcium phosphate 
of the labelled polymer was compared with that of 
the unlabelled polymer and found to be the same. 

5 Example 2 

A labelled polymer was prepared by the same 
methods as in Example 2 except that, in the pro- 
cess of the preparation of the labelled polymer, the 

w reaction after the addition of 6-amino-7-hydroxy-4- 
methylcoumarin at the room temperature was con- 
ducted for 3 hours in this Example in place of 30 
minutes in Example 2 and 0 810 g of the labelled 
polymer containing 0.06 mol % of the fluorescent 

75 substance was prepared in the yield of 6.1 %. 

The intensity of fluorescence was measured by 
using the labelled polymer prepared above in the 
same condition as in Example 2. The intensity of 
the solution of the labelled polymer having the 

20 solid concentration of 10 mg/l was 5,200. The in- 
tensity of fluorescence by the background cooling 
water was about 8 % of that by the labelled poly- 
mer when the solid concentration of the polymer is 
10 mg/l and shown to be in the level which did not 

25 actually affect the measurement by using the label- 
led polymer. 

The labelled polymer was added to the cooling 
water to make the solid concentration of 10 mg/l 
and the intensity of the fluorescence was mea- 

30 sured. By referring to the calibration curve which 
was prepared in advance, the concentration of the 
polymer was found to be 9.9 mg/l. 

Example 3 

35 

A labelled polymer was prepared by the same 
methods as in Example 2 except that, in the pro- 
cess of the preparation of the labelled polymer, the 
reaction after the addition of 6-amino-7-hydroxy-4- 

■:r mcthylcoumarine at the room temperature was 
conducted for 24 hours in this Example in place ot 
30 minutes in Example 2 and 0.808 g of the 
labelled polymer containing 0 11 mol % of the 
fluorescent substance was prepared in the yield of 

4r> 10.5%. 

The intensity of fluorescence was measured by 
using the labelled polymer prepared above in the 
same condition as in Example 2. The intensity of 
the solution of the labelled polymer having the 
solid concentration of 10 mq I was 4.700 The in- 



■neentr alien is at the nptimum value The t vtiv 
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The labelled polymer was added to the cooling 
water to make the solid concentration of 10 mg/l 
and the intensity of the fluorescence was mea- 
sured. By referring to the calibration curve which 
was prepared in advance, the concentration of the 
polymer was found to be 9.9 mg l. 

Example 4 

(1) Preparation of a labelled polymer 

Into a mixed solvent composed of 25 ml of 
ultra pure water and 100 ml of glacial acetic acid, 1 
g of polyacrylamide having a number average mo- 
lecular weight of about 20,000 was added and 
dissolved by stirring. A solution of 200 mg ot 
xantohydrol well dissolved in 10 ml of glacial acetic 
acid was added to the resultant solution under 
stirring. The vessel containing the mixture was cov- 
ered with aluminum foil to shield from light and the 
reaction was kept going by stirring for 48 hours or 
more at the room temperature. 

After the reaction was finished, the reaction 
mixture was added dropwise to 1 I of methanol. 
The polymer precipitated was filtered and and dis- 
solved again into ultra pure water. The solution was 
added dropwise to another 1 I of methanol. The 
polymer precipitated was filtered again and dried in 
a desiccator in vacuo overnight. Thus, 0.15 g of the 
labelled polymer containing 0.48 mol % of the 
fluorescent substance was prepared. 

(2) Measurement of intensity of fluorescence 

A specified amount of the polymer labelled 
with the fluorescent substance prepared above was 
weighed and dissolved into ultra pure water to 
prepare an aqueous solution of the polymer having 
a specified concentration. 

For the measurement of the background inten- 
sity of fluorescence by tho cooling water, the cool- 
ing water sample taken from tho operating cooling 
water system was filtered by filter paper To/o 
Roshi No. 5C (a product of ADVANTEC Co., Ltd.) 
and served for the measurement. The sample had 
pH of 8.8, turbidity of 4.5 degree, electric con- 
ductivity of 1,340 us/cm, M alkalinity of 190 mg I, 
calcium hardness of 300 mg I, content of Fe of 0.50 
mgl, content of PCU J ~ of 7.1 mg I and cycles of 
r onnentration of 8 3 



the labelled polymer having the solid concentration 
of 10 mg/l was measured in this condition and 
shown to be 50 6. 

The background intensity of fluorescence was 

5 measured by using the sample taken from the 
operating cooling water system in the same con- 
dition. The values obtained were 1 6 without filtra- 
tion and 1 .3 with filtration. 

The intensity of fluorescence by the back- 

io ground cooling water was about 3 % of that by the 
labelled polymer when the solid concentration of 
the polymer is 10 mg/l and shown to be in the level 
which did not actually affect the measurement by 
using the labelled polymer. 

75 Thus, it was shown that the concentration of 

the polymer can oe directly, easily ana promptly 
measured by adding the labelled polymer to the 
cooling water to the concentration of about 10 mg/l 
and by measuring the intensity of fluorescence. 

20 

(3) Measurement of the concentration 

The labelled polymer was added to the cooling 
water to make the solid concentration of 10 mg/l 
25 and the intensity of the fluorescence was mea- 
sured. By referring to the calibration curve which 
was prepared in advance, the concentration of the 
polymer was found to be 9.9 mg/l. 

30 Example 5 (Preparation) 

To an aqeous solution (43.5%) containing so- 
dium polyacrylate having a number average molec- 
ular weight of 3,500 in an amount corresponding to 

35 1 g as solid, 6.3 ml of ultra pure water was added 
and the solution was adjusted to pH of 4.7 by using 
aqueous hydrochloric acid solution To the solution, 
0.02 g of 1-{3-dimethylammopropyl)-3-ethylcar- 
bodiimide which is a water soluble carbodiimide 

■jo was added as the dehydration agent and. imme- 
diately after the- addition of the carbodiimide. 19.1 
mg of 6-amino-7-hydroxy-4-methylcoumarin was 
added The mi dure was stirred fo r 30 minutes at 
the room temperature for the reaction. 

45 The reaction mixture was added dropwise to a 

50 : 50 mixture of isopropyl alcohol and ethyl 
alcohol and the polymer wae prccioitated. The stir- 
ring was continued for further 5 minutes after 
finishing the dropping of the solution. The mixture 
was kept standing for 24 hours for precipitation 



: c: : ;utii :/ * e.l 1 u mm 

F vol a! i on spectrum and flnn^sc f*nm-; spect'i m 
re measured and the wave lengths were set a 



nod A'hi<o the weight m |nc ;voduct a ,:• ■r>\\- 
rcd from time to time ami finished when the 
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weight reached to a constant value. The polymer 
was then weighed and the yield was obtained. 
Thus, 0.9 g ot the labelled polymer was obtained. 

Example 6 (Preparation) 

To an aqeous solution (50%) containing poly- 
maleic acid having a number average molecular 
weight of 5,000 in an amount corresponding to 1 g 
as solid, 6.3 ml of ultra pure water was aded and 
the solution was adjusted to pH of 4.7 by using 
aqueous hydrochloric acid solution. To the solution, 
0.02 g of 1-(3-dimethylaminopropyl)-3-ethylcar- 
bodiimide which is a water soluble carbodiimide 
was added as the dehydration agent and, imme- 
diately aiier ihe auuiiiun uf the carbuuiiniiue, 13.1 
mg of 6-amino-7-hydroxy-4-methylcoumarin was 
added. The mixture was stirred for 30 minutes at 
the room temperature for the reaction. 

The reaction mixture was added dropwise to a 
50 : 50 mixture of isopropyl alcohol and ethyl 
alcohol and the polymer was precipitated. The stir- 
ring was continued for further 5 minutes after 
finishing the dropping of the solution. The mixture 
was kept standing for 24 hours for precipitation. 
The precipitate prepared was filtered by suction by 
using No. 5C filter paper and washed with a small 
amount of ethyl alcohol. The precipitate sticked to 
the filter paper was scraped into a 100 ml beaker 
and dried in a vacuum drier. The drying was con- 
tinued while the weight of the product was mea- 
sured from time to time and finished when the 
weight reached to a constant value. The polymer 
was then weighed and the yield was obtained. 
Thus, 0.8 g of the labelled polymer was obtained. 

While the invention has been particularly 
shown and described with reference to preferred 
embodiments thereof, it will be understood by 
those skilled in the art that the foregoing and other 
ehangos in form and details can bo made therein 
without departing from the spirit and scope of the 
,-ivention 

To summarise the advantages obtained by the 
invention, the method of treatment of water system 
of the invention comprises utilization of the polymer 
of the invention which is labelled with a fluorescent 
substance in advance as the polymer for preven- 
*ion of formation of scale and occurrence of corro- 
sion, addition of the labelled polymer into the water 
system, measurement of concentration of the poly- 



Claims 

1. A polymer utilized in water system and ca- 
pable of preventing formation of scale or sup- 

5 pressing occurrence of corrosion which is 

characterized in that the polymer is labelled 
with a fluorescent substance. 

2. A polymer utilized in water system and ca- 
io pable of preventing formation of scale or sup- 
pressing occurrence of corrosion as claimed in 
Claim 1 wherein the fluorescent substance is 
coumarin or a derivative of coumarin. 

is 3. A polymer utilized in water system and ca- 
pable ui pieveiiLiiiy luiiiidiiun ui ^Ldiu ur sup- 
pressing occurrence of corrosion as claimed in 
Claim 1 wherein the fluorescent substance is a 
derivative of coumarin having a hydroxyl group 

20 or an amino group. 

4. A polymer utilized in water system and ca- 
pable of preventing formation of scale or sup- 
pressing occurrence of corrosion as claimed in 

25 Claim 1 wherein the polymer has a molecular 

weight in the range from 500 to 30,000. 

5. A polymer utilized in water system and ca- 
pable of preventing formation of scale or sup- 

30 pressing occurrence of corrosion as claimed in 

Claim 1 wherein the content of the fluorescent 
substance in the polymer is in the range from 
0.01 to 10 mol % 

35 6. A method of treatment of water system which 
is characterized in that a polymer for the water 
treatment is labelled with a fluorescent sub- 
stance and the amount of addition of the poly- 
mer for the water treatment to the water sys- 

4: tern is controlled by measuring concentration 

of the polymer for the water treatment in the 
water system through measurement of :on- 
centration of the fluorescent substance. 

45 7. A method of treatment of water system as 
claimed in Claim 6 wherein the fluorescent 
substance is coumarin or a derivative of 

coumann. 

r>n 8. A method of treatment of water system as 



■>!■; tamed easily, accurately and prompt: - / and man- 
agement of water treatment by the water system 
;in ho it rvnyrd 



■ aimed m C':aim (> whe^em , \"<"- so yiner has a 
enrboxyl group and a molecular weight in the 
. ;. P no f-.-n r ,00 \n 30 one 
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10. A method of treatment of water system as 
claimed in Claim 6 wherein the content of the 
fluorescent substance in the polymer is in the 
range from 0.01 to 10 mol %. 

11. A method of treatment of water system as 
claimed in Claim 6 wherein the amount of 
addition of the polymer for the water treatment 
to the water system is in the range from 1 to 
100 milligram of solid component per liter. 
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